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[|ff##3] ^aJ^e>JtfBMJIHtt€:a'r#S€:««r'r*ri:lcJ:y, J:S3 

5^2 <5 r £ 1 SB* ©tMBttttf*. 

[|ff*£4] JtffiMtttt, ««Jft©3ifT#fa, i&«> £ 
Hat- l/^*fett»S3t- l/>*T*&*i4:S:#«fc*S|ff:fc^3g2«© 

Hff#E5] ±3BHSB*3£tt: 1 2^7C*feftl:3«C7C©MaB*3S-C* 

[if*B6] ±i3JSai#5i©««ttm««©?ftS© 1/5 0-5 OteTffc 
* d H l ffl*©«fBtt*m. 

[3f 7 ] ±3BMfflfi^<Z) A*m8tt»®&£*<Z> 
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tsf^i oaB*©a«ffi*m. 

Sll SB«©atBtt*m. 

[§M13] _hMMfcft«:T i 0 2 „ SiO r Z r 0 2 , CeO^ 
Al 2 Og, MgO, Si x O y , Th0 2 , Sn0 2 , In 2 O g , ZnO, 
La 2 O a , Nd 2 0 3 , Sb 2 0 3 , Bi 2 O s , Pr 6 Oy.Ti, O y , 

[»*SU] ±S7yfl;«H:MgF 2 , CeF 3 , LaFj, NdFg 
, PbF 2 , NaF, Na 3 AlF g , Li F33«fctfC a F 2 J: 

[§^15] ±ffi*^3^f >f Kft^ttZ n S, ZnSe, CdS, 
CdSe, CdTe. PbS, PbTefei^Sbg S3 *»&3&<5»J: »Jltf*l 

SB*©a«tt*m. 

IfMl 6] JtK¥3M5M*#tt S i , G e £ J: tfTej* 38 

atBtt*m. 
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[i*Sl9] JlfH^n^^-f hMffi«tt^M&P b (ZrTi) Og 
» (PbLa) (ZrTi) Og , BaTiOg, (BaSrCa) (TiZr 
SnHf ) Og 3$£XfP bTiOg »b & -S g£ J: i )Ml£tltt'P%t< L%—MM<D 

[tM2 0] _fcS2-f /l/*-*->f hM&m&WmZL i N b 0 3 ifciiLi 
Ta0 3 t*5ii:fc#afct«f#«l 8£4fi©atBtttm. 

[«*fi2 1] Jtffi38S&«IBS:»3K'r**3attB i 12 S iO 20 . B i 1£ G 
e O 20 , B i 12 T i 0 2Q , KDP, K (TaNb) Og, (SrBa) Nb £ O 

6 , ZnO^J:lF(ZnMg) O £ g¥ <fc *ja«tifc^^ < &&<Z>£E 

[»*g.2 3] _fc|B^^&S:^b3&V^*#:#»ttCd-Te. G a A s 
, InP, ZnS, ZnSe^J:t;iti&©4£3!>#K:l»JI©«6tt^M>f*>* c K 
->^S*ifc=b©T»*ri:S:4*tSi:'t*»*3fi2 2ffi«©atBft*m. 

m&mz 5] _Lga** h • hMMa^aa-a-%®ic^v>T, *x h 

fl;#r7n>X9MMt* W£M;r*y«Mb«, **w<y$->fiM8L *««?±tt« 

m&mz 6] JtlBS^^n^*^ h • r^TOKLaNb 2 O 

7 . KCa 2 Nb 3 O 10 , RbCa 2 Nb 3 O 10 , CsCa 2 Nb 3 O 10 £fc« 
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KNaCa 2 Nb 4 O^fe^ Z. H & <5 fMfcg 2 5 mm<DM1fc&ttm o 

[f^2 7] JlfBM^^D^^-T Mg&gtftttB i 2 Sr 2 CaCu 
2 O g ifcfcteB i 2 Sr 2 Ca 2 Cu 3 O 10 t'feSrt5:Mi:t5i^2 5 

[IM2 8] _hffEJS#^#> • —7j~7m&&KT i N b O s , K 2 T i 
4 O g *fcttK 4 Nb 6 0 17 T?&S3i:=fe4#«fc-rsSI*«2 5ffi«©«IBtt» 

[fiW®2 9] JtfB»3RSiftKflS«ttL i Co0 2 -Jlfc&L i N i 0 2 1? 

[§M3 1] _hiH^#^M^-^ym'fb^ttF e OC 1, VOC 1 

[fM3 2] -hgaM^JKU^-r^tiN a 2 0-4Si0 2 - 7H 2 O 

[§M3 4] ±MW^-^miz)^ziff-y->{ KttT a S e 2 , T a S 2 , M 
oS 2 *fettVSe 2 T*$>S3i:S:#ISi:i-^»^2 SfH^aiB-ffiTOo 

o 

#> <d mn&ibft s *i t v * « ^ £ * t -r 5 »#sc 1 0 sB4£<z>«Ktetttro 
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£ «b & -5 KB* Jh»«Ki^ ABAC <DMT*mm t* 

&r i:^Mi:tSiM4 4 gBttaffttBtttTO. 
It'$)Srt^#^i:tSi^4 4fla«(Z)4itgi£#&. 
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[§M5 1] ±IH7* N^D5X^i«ttliL i NbOg :Fe, 
BaTiOg :CetfdiSrTiO s : F e T*&5 3 £ ZftWlt. "T STO 5 

Sf#S l ffi«<Z>affii£#&. 
5 4 ] «««<Z>?fcRfc H££<Z>M%® J93B#tti<Z>4>ft <t.%—fr 

£i:«:4*«i:*r*aiB5R^. 

mtfje&isti. m$it< tifc±m&mm*&fr® ^ & © fg# £ ^ # t & y *i s <t e> 

Mf##5 8] _h8a»JB*3gtt5v^K:»l^-rs-^©iifS:-&tf 6®^P><fc 
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z. n & #M t -r -5 mm num. 

-LiBfg l i: M £ HI 2 © WIS K: m.m^r sri:^#ti:m^5 9 

[i*S6 2] ±f2MJTO^te 1 2&^£fc«3?£^<Z>Jf»§«Sg-e 
tft## 6 3 ] ±IBMil«l^©Mil«W^©^© 1/50-50^ 

£ z&mz -r 5 9 mmvmm&mno 

a 
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3bZ>Z.h ttSfM 7 0 flB4£<Z>*tgtt#f*. 

[»^^ 7 4 ] _t!BMM^<Z)MSB«WM©^© 1/5 0-5 0M 

[»^7 6] _hf2W^»®W^T*feS3i:$:#^[i:-r-5»^7 ofa« 
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m 2 OW^lc^-T S d £ 5:Mi:tSfM 8 0 ffi«®tiMBf£«m. 
**. 

»*fi.8 5] J:ffi«J»«3t©MJBttW»!©»«©l/5 0-5 O^T'fe 
§ri:S:#ti:tSfM8 0 ffitt<Z)tttgtt#ft. 

riHC<fcy^$tifct;©T'feS3h$:#^[^-rs»^8 OgBtt<Z)&Mg{£&& 

o 

[0 0 0 1] 
[0 0 0 2] 

3fi/fii#«*«s:«jeLT«u»K€:^«-t<5fc«>, «T?*as** 
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[0 0 0 3] 

x%smmnmx%m\,^ *mvx^z>mM.xiz. ^ti^xo^mm^x^-^ n 

(1) K.Ohtaka.Phys. Rev. B. ,19(1979)5057-5067 (2)K.0htaka and Y.Tanabe, J.Phy 
s.Soc.Jpn., 65 (1996) 2276-2284 (3)*ig— H^^S^^ffe. 52(1997)328-33 
5 (4)H.Miyazaki and K.Ohtaka, Phys. Rev. B. ,58(1998)6920-6937) „ ££>IC, ^ 

Ay K^ft»;yj CD#^E^Yablonovitch ( (5)E.Yablonovitch,Phys. Rev. Lett. ,5 
8(1987)2059-2062) £John ( (6)S. John, Phys. Rev. Lett. ,58(1987)2486) IC <fc »J |^ 
B£fflK:l!Jl3fcfc*#S*iT^<&„ -T^t>*>> MJBtt&Bfl&Kl&ofc 

w £ nfe =fo T* & s . 
[0 0 0 4] 

iCJS^f/^-TSZlil^-e^SZli:^^ ((7)A.Mekis,J. C.Chen, I. Kurland.S. 
Fan.P.R.Villeneuve and J.D. Joannopoulos, Phys. Rev. Lett. ,77(1996)3787-379 
0 (8)J.D.Joannopoulos,P.R.Villeneuve and S. Fan, Nature, 386 (1997) 143-149 
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(9)S-Y.Lin,E.ChoH,V.Hietala,P.R.Villeneuve and J.D.Joannopoulos, Science, 
282(1998)274-276) StlT, 4*aMMM5F^©J£J§ ((1O)MI§&0. ?fiB3^«, # 

?r^> • ^ni, mmmm. mm. fi9# (1998)1041-1045) ^, & 

. $tl£ ((lDHlXl/J'bn-^^, No.730 (1998)57-63) ^(DflfiOiliiR ((12) 
«fe ;H±^ZlfiP, fl^Xli, 1999^ l^f, pp.47-52 (13) «|*lW5*c> 
Vol.68. No.6(1998)p.26-34)lC=fot>*>U^-r<myJtlf e>tlT^S 0 
[0 0 0 5] 

o 

[0 0 0 6] 

ft^X\z\%. mffl&&$L-t rjM£u &£v^;t r^#j £lcov>T-& 

( 1 999) pp . 15-2 1 ( 15) K . Bar ada , K . Munakat a , M . I toh , N . Yosh i kawa , H . Yonezu , S . U 
megaki and T.Yatagai ,J P n. J. Appl.Phys. ,37(1998)4393-4396 (16)3Mg?fc3fc|§}6 

v&m&^m$tk) ¥^ii^6^i50-i6 h u£:mfc¥m&m) B^mmm^ 
m&m3a¥ffim$zmmmm/-=L-*m5^ (1999) p.6o-67)#&s#, 

iz -d v > t it — mm n e> ft x ^ & v ^ <d &m ^ x & s „ 

[0 0 0 7] 
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(i6) ic£v>t itmmz^mm^m. z m ^ r v ^ s ^ ti &*gpmir & -r s % © -e 

[0 0 0 8] 

mJCffiUlsTl,*. 4#fFfg2 9 1 8 8 8 1f, 1-2 l 8 6 2 7^?g, 

#H§¥ 10-284806 # 11-186657 4f Rf^ 1 

0-83 0 0 5^»S. 
[0 0 0 9] 

#^2 9 1 8 8 8 nm*, ^^^Mwic. mmmmftttrnzmtf. 
s=b©^$>y, z.<D$&m£±<mtez> 0 #n§¥i 1-21 862 7^mx^t. 

^fc^„ Zltlli, MAH ifciR ((17)^CtirHHg, Vol. 31. No. 5 (1993) 353-3 

60) £#M1-*ltf;bfr&o ^©#11^1 1 -2 1 8 6 2 T^mX'lt. ffl 

10-28480 Bilr&mRXfttWisp-l 1 - 1 8 6 6 5 7§MttV>f*lti, ¥ 
IZV ZL<DftWiH*mteZ> 0 — 1 0-8 3 00 5 ^«{C0V\TH 3 

© (1) ~ (5) izmmiz itfc<. 

[0 0 10] 

( 1 ) #n§¥ 10-83005 ^mx-it. 1 6 mcdh^© 9^10 mom 
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mWLT~mmZl£2>Z.iHZ&^T. #^1 0-8 3 0 0 5 #^ICSHM$ tlT V^ 
[0011] 

(2) Wl 0-8 3 0 0 5fMt*!i, i/^xh^ 

#}i©**A#3fe«:S}£LTV*&#, -€-©»tf^»i, /I/* -CD £ 5 & 

#«f»ftlK**»€:ffi*«iV^©^ffC»6 (I8)*fcffl*fc, *»F#- 

> gl27#. ^11# (1998) 626-631) 0 Ifc^ot, -^CD J: 5 fc^T^ 

[0 0 12] 

#H?lO-8 3 0 0 5^im iE#«S:«JBttS:Sg7L*^-/l/i: 
[0 0 13] 

(3) 4f0Bspi 0-8 3 0 0 5#&#T*tt, ria^*^©*£ Ml 
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T^ffl "T -5 ^ £ V^ O MM £ *X £ <fc O tefflffi it & v ^ 
[0 0 14] 

(4) #n^i o-8 3oo 5#^#T-ii. m&om&m^ m*f^tc«$ 

Wttt, ft^gett<Z)/£T*=&*^<J|fc£ (#i¥lO-8 3 0 0 5fM©gl 
5#M) . 

[0 0 15] 

(5) mm^i 0-8 3 0 0 5#^#T-li, V-vV • K^©j£^ 
t^llda) (k) /d k^igTLT0fC3fio*<^illClP@LT • • -j £<Z>!H 

©i#tit'iis^c5i^fey, ±sa^m(D ~(6) ommizm-t&t^ 

[0 0 1 6] 

[$8w##fc b <fc e> i: t zmmi 

[0 0 1 7] 
[0 0 1 8] 

z<D&otenM<DTlc. #?£ic/h3fci&£ (SI-^i:bTti, 

1 4 2000-3051470 
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[0 0 19] 
[0 0 2 0] 

[0 0 2 1] 

[0 0 2 2] 

[0 0 2 3] 

[0 0 24] 

[0 0 2 5] 
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&mm&fcj&z:m-tMmmmttm. &z^itft¥mmttm<D^irtix&^x&£ 
^„ ^nLxmAt?>mmmmmmmwt.Lxi l t. pzt, plzt^^d 
bmmitmzttmzft&mm&y'in^. tfvyvit^-v^y cpvd 

[0 0 2 6] 

[0 0 2 7] 
[0 0 2 8] 
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srtfito *-e%j&vA. hiic^t, -f v-t/n ymn&nma: 

[0 0 2 9] 

ti mm > (fa»3*fl!) z.n^<o^-D<om^nmzm^ 

idle, mVtXlt^MteZL Hiiltnz-te^. fcfc'U Mfrlitgiii^-©^ 

v&zjyz-xis-i/H >it&mmz*mf5ttmx$>z> n £ t % & m 

W.X2bZ> 0 

[0 0 3 0] 

LXi$< e 

[0 0 3 1] 

0. 1 %jgglClL£oT^S„ ^ICli, 

#$f*£#JML (STM) ^>fiC^RIA««« ( 

AFM) ©#f©&tt^«)lCMV>e > tlSl^^T^^n.a:-^^ *g'>i!ttf>J&;BlC 

[0 0 3 2] 

^^;i/-e«, #rmtu o%^p>s *>izm.i o o%ic&& 

2ftX^ZfctomizmtoXm^Z.£tf*£te$5&X2b*). ^ic^^<£^3ti 
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[0 0 3 3] 
[0 0 3 4] 
[0 0 3 5] 
[0 0 3 6] 

, *«#flsyffl^0«£wc55v^vo»j&%&$. 

[0 0 3 7] 

aSt*?-**, — jRWK««M»JR&MV*fcfc©&jfti*U ^StC J3V*T 1 0~ 3 
SI©IS:#ol^ Tb-Dy-Fe^) #fcie>*lTV*S. £Ett& 

t^s. «ftig»%si^ae«K:^tE<^yatfa«*«»jH"e**. 3(z>j:e>&3 



1 8 
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[0 0 3 8] 

fee, tr^ywuim mMre&y, *^fcUT*3BL*'rv>i:v^»£»fc 

[0 0 3 9] 

T?£fttfi:vO*frf5ft*fc#e>, *B^&^&4 (4~5teJBUi) 
, «ist«»-e*ti«. ^fiittio~2 0%it 

iS#»fittbrx!/#»M«^c*v^nriBtt««*y, «to^i:f^s 

o 

[0 0 4 0] 

♦ #H&¥ 05-110153 *3r'MM 

- mm* 06-125120 

& Win LT, #A$ tifc^flMfeRCDKlftAfl! $ i £ ic J: zmfiLm^tf 
[0 0 4 1 ] 

Lfe=fe©i:LTH *»9i#<Z)»«IRyjcfev^Tia:, 
• »W¥ 02-131376 
• 04-127885 -&g£g 

1 9 fflIE# 2000-3051470 



4#5£ 11—271240 



mmzmmjinisT^z. mm^-z - 13137 e^m^mmnx^^^v x 

L i tfjBI^S^sr^icj: 'JlfiMDSt)©t% -#^#<z>#H§¥4 -127 

8 8 5#^#ii, iE/^#icAg 0 7 v 2 o 5 &mv\ mfommmziAgi- 

Ag 2 W0 4 £M^£:&-e&£o ^©V^tUCfc^TtK ^^^(D^A$:0i& 
[0 0 4 2] 

#ac, mm - mm-4>*-ij \y-i/3>mMiz-D^xz\n^-eiz^tit^mm<D 

[0 0 4 3] 

(1) m&m&<D-o*-jji'-Z'3y®KL 

■W0 5-1 9 6 8 1 9^i 
•#if0 6-8 2 7 7 7^i 

• 06-82779 

[0 044] 

(2) m&ttmO'f 

<D7 4^-ttm* v waft ■ m&ttm^&i&miz-D^T&iiimt. it, 

• 06-200034 
•#^0 7-1 2 6 3 9 6^i 

• ^li 5 ? 08-12899 
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• mm*o 8-4109 l-z&m 

• mm* 10-264291 

• mm* ii-7i 4 6 5 
• mm* 11-92594 

• mm* 11-92677 

• mm* 11-106670 
- mm* 10-259016 

• mm* 10-259017 

■ mm* 10-310420 

[0 0 4 5] 

•#^0 4-1 6 7 7 6^i 

• #ggHg 63-251490 

• 02-264246 

■ 06-95288 

• mm* 06-95289 

• mm* 06-95290 

' mm* 06-148791 

• mm* 11-71388 

• 4#H§¥ 06-48742 
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[0 0 4 6] 
[0 0 4 7] 

(3) :nl/* hn^05XAMIC!)^©>f>i!-^ i^-S/a>^e 

• #H§¥ 10-206907 ^&m. 
• #H§¥ 10-23971 4 

?i?£i§l^©#AlcWbT«:£<W;&2*iT^&^ 0 

[0 0 4 8] 

(4) M^iI»I©TO©^f >^-557l^-^a>#jM 

• #HHg 6 3-251490 
- 05-32412 

• #§§¥0 9-3 1 0 0 6 5#£j?g 

[0 04 9] 

(5) mMmw.&ttm&<DttH<D>( >3>#>« 

• #H§¥ 0 8-5 3 5 7 1 
[0 0 5 0] 

mt & j& m l * <o *; , 

• #HBHg 57-208534 #&?g 

• #^BB 57-208535 -9£fc4R 

2 2 ffil£*f$2 0 0 0 - 3 0 5 1 4 7 0 



#5p i 1 — 271240 



• nmm 57-208536 

■ &mm 5 7 - 2 0 8 5 3 7 ^&m. 

[0 0 5 1] 

• 1 8 6 0 1 3 # 

• 1 9 4 9 2 3 5^ 

• mmm 6.2-181413 

[0 0 5 2] 

■ 04-34 8 64 ^4*« 

• 4 8 6 

• #H§¥ 04-34868 

• 2734747# 

[0 0 5 3] 

• 4#Hg¥ 0 4-319545 #^ 

• 4#f^ 2715233# 

• 07-56195 #2t$8 

• #H§¥ 07-56196 

[0 0 5 4] 

ITU H 2 Ti 5 O n nH 2 OICoVnT© 
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• #ff^ 1936988# 

, -eOfifitC, KCa 2 Nb 3 O 1Q ^0*iMi:fii<Z)>f>^-*l/-i/3> 

- ^ 2 6 5 3 8 0 5^ 

• 2656778# 

• #ff^ 1984612# 
•#Hf0 8-2 5 9 2 0 8^a 

[0 0 5 5] 

•#H¥04-1 6 84 2 9#&# 

' 1708735# 
[0 0 5 6] 

• 2 6 8 1 0 3 0^ 
[0 0 5 7] 

• &Wtm 1 5 7 9 0 3 1# 

• 1 3 6 7 2 3 5^ 

• mmm 62-10041 1 

[0 0 5 8] 

• #H§¥0 3-5 7 2 0f^i 
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• #H§¥0 3- 7 0 7 9-5f£t$8 

• mm* 06-324312 

• #H§¥ 09-277518 

[0 0 5 9] 
[0 0 6 0] 

J(|3 4 0m/s©Sj|lM6^ «?8M<Z>te*^H:> <fc »J =& 9 0 
Ji»3Xl 0 8 m/sTfeS. it^gt^lfttl^lCgM 
StlT^S2 0kHz^P,2 0 0 k H z Sfg©<£M^W^tt, Mi&^feit^-r 
St, «^©^«i:y%^©«V>^ (LF) tC^gS-r^o ^{C-fgJS^W 
t8L*mV$i-&T'i£m't2>£~V( tUffi. (SHF) lZffi%-?& 0 Z(D£o&mi$. 

&T*tt, ^-©^tt^^T'O. 3 4mmm £Mi£$t 
t'30 0mm MiiM0Ml|^«it^tt®tfiSfl (1/5 0-5 
Ote, JSMimcH;I&#©l^£>f$tfg) T'&tU*, iMi&T'kL mmV4XUT$ 

&*m"g]&Mmzmi£*? tilt. mmV>(X&>T$?U>. %>z>^\tvzr^>?uy 
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[0 0 6 1] 

s] , JE;fr£P [N/m 2 ] „ ftft&p [kg/m 3 ] iitSi:, £ac*T*©W 

V= (r • P/p) 1/2 
p Q =P T (1 + T/2 7 3) 

[0 0 6 2] 
[0 0 6 3] 

V (T) =3 3 1. 5 + 0. 6 0 7 1 4T 

-r*>fc*»> ttttSMSt^bts. umtfi&^m (i) a^i^m (2) ^ 

s infij / s in0 2 = v i ^ V 2 

-e&s*^ v 2 >v 1 -e$>z>t=.8>. fcufmu&mftmz&^m^ 

©##3 e>tC^<te#i-«5o 1 4 80m/s, it*li5 180 

3 ©J:-?*:^ life &mt* i&i:UT©ft® 
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[0 0 6 4] 
[0 0 6 5] 
[0 0 6 6] 

M SS 14 £ SL "T # © & KB fr*> M ft »r II t? * * 

[0 0 6 7] 
[0 0 6 8] 

m;J3J:tf»2©#l»K:jJ3V*TM:, &*W 
7n©J9JIM*J§© v*t" *n?& o T =fe> <fc z: JB«3t©MJBti— «tc ttiflttft® 
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[0 0 6 9] 

TiO r SiO r Zr0 2< Ce0 2> Al 2 Og , MgO> S i x O y „ 
ThO r Sn0 2 , In 2 O a> ZnO, La 2 Og, Nd 2 Og, SbgO 
3 , Bi 2 Og, Pr 6 O ir Ti x O y> CaO, SrTiOg ^(DWtit^ 
, Mg F 2 , CeF 3 , LaF 3> N d Fg N P b F g % N a F % N a 3 A 1 F 
6 , LiF, CaF 2 *©7*;ft;*, JfcS^tt, 3*1 £ ©MsTO. 7yft» 
<Z)®^#:. 3 ZnS, ZnSe, CdS, CdSe, CdTe, PbS, 

PbTe, Sb 2 S z m<Oi3)\^zi^±^ ^it^m. &<5W±Si, Ge, Te^ 

J«-L©4&**&*fcS. Mmtlie&^'r Pb (ZrT 

i) 0 3 (ISPZT) , (PbLa) (ZrTi)0 3 (liPLZT) , B 
aTiOg, (BaSrCa) (TiZrSnHf) Og % PbTiOg W 
O^XA-YhlEttlll, S>*V*tt, LiNbOg, LiTaOg tC'fM 
"*->f hM&m&gaM. Bi 12 SiO 20 , Bi 12 GeO 20 , B i 12 T i O 20 

, KDP, K (TaNb) C> 3 , (SrBa) Nb ? O g , &*V*Hu Zn0^f> 
^tltC^©Mg^@^Lfe (ZnMg) 0^©ffi«tt^f®, ^^tCtt, CdT 
e, G a A s , In P. ZnS, ZnSe, i*ie>©¥##Ktt*<Z>*Stt£M>f 
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[0 0 7 0] 

*)&^ 0 Mz.it. iCD*^ h • >f7. bMi&mmmm&mmz&^xte. 

[0 0 7 1] 

(1) Jff«^n^*>f h • 

KLaNb 2 0 7 , KCa 2 Nb g 0 1Q . R b C a 2 Nb g 0 1Q . Cs 
Ca 2 Nbg O 10 , KNaCa 2 Nb 4 0 13 

(2) M^n^A>fhi^ 

Bi 2 Sr 2 CaCu 2 Og> Bi 2 S r 2 Ca 2 Cug O^q 

(3) - -yt-^m^ 

KTiNbOg, K 2 Ti 4 O g< K 4 Nb g Oj 7 

(4) mm&mmitib 

LiCoOg, LiNiOg 

(5) m®±mwutmzru>x?h 

MoOg . V 2 0 5 , WO s % ReOg 

(6) »^J»**y«tft«f 
Fe'OCl, VOC1, CrOCl 

(7) m^v^-fmm. 

N a 2 0-4 S i 0 2 - 7H 2 O 

(8) jgttffi±ffi& 

(9) Kn*^/*>f h 

Mgg Al £ (OH) 16 Cp 3 -H 2 O 

do) m^m*^^-*-^ k 

TaSe 2 , TaS 2 . Mo S 2 , VSe 2 

(11) V >^^;i/n — 

Z r (HP0 4 ) 2 nH 2 O 

(12) ^777>f h 
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C 

\%. ITO (In 2 Og -Sn0 4 ^tttt^) &ffiV*<5i fc#Tf 

[0 0 7 2] 

se>ic ^i33j;0^2<?)f6^icfcv>T^ mmmm$2mm&>±<D 
mnzmm. mmtr=.itm^±ifsznnz^ijm^nr^ : h<Dx&*). mmwl* 

t&m&mm. rMitrnmis^ntcom^m.^Ex^^. zv^kftmizi,*. m 

X-lX. mffimtf$£<t-?z>mm*x¥nif^z/&fc&w^ wo 3 ^xu^hn^n 

$X&m&tyU. fc-SV^ LiNbOg :Fe, BaTiOg :Ce, SrT 
iOg : Fe^©7* h^D^AiMfb^t'feS, FISTIC 

£^xftft?zmn*mwmm<nftmz^m?&ttnx3b^x, ^ommmztit 
mmyt*AMLt=.mz. *<Dm&mx*ni®mm-*2>ffiwwmx&v. ^(ommyt 
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[0 0 7 3] 
[0 0 7 4] 

[0 0 7 5] 

tt^fi* J: £ Zl i: IZ J: y $ ti %» © T* & *; , M & SLf #Jg fcmgp fr£ fg 
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[0 0 7 6] 
[0 0 7 7] 

z.<D$&m<Dm4 comma. 

[0 0 7 8] 
[0 0 7 9] 

mm*.. ^WKDmn^m. mn. mm. Qm^a-vy*. m.Mzm-v>^ 

ifT*&5. JiJB*3SJ± 1«Ct£, 2«C7C*fett3i?C7C©JSJIH#3i©v^-r*i^«)oT 
fc£l> 0 MJB*3S©aJHtt— UKrJCtt^iftCDfflESCDl/S 0-5 0#, jft 

MttJCtt, a#«T?»*. r©^fflfl(t ra-©StR&*M, BBS* 
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mmmitmm±izmm mzmm $ *i t=. in,* ^ mz-mfr «b & & z. t % & & Q 

[0 0 8 0] 

fit, ^»^e>jasBttsa-r#asiw«r'rs3i:K:j:y, ±mw& 

[0 0 8 1] 
[0 0 8 2] 

#&y, rtiicfcy, &M:£-fr£Ax&jg©ii3§B\ ytmm^&ftmiziz 

% < M ft -e £ £ i: # x ti s o 

[0 0 8 3] 

flffl*JiK:j&SHtt«:a* r^%j «r#A^«»^, * ©lift & WATT S * y# 

-rs^/m^agsrAtt^-Brs^i:, ^ap^&jewasBsw-rs^fcoaay 
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[0 0 8 4] 

[0 0 8 5] 
[0 0 8 6] 

tt3K©«tf^»riB-e&*. i^ji j&ft©BE«£«i#Ai# 

[0 0 8 7] 
[0 0 8 8] 

(3) i«*««:BMlii,Tv**£i:K:,i:y, ^IKiMH^IAS^^ 
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[0 0 89] 
[0 0 9 0] 
[0 0 9 1] 

(l) mm®ft*&Mlzm$l?Z> ri:ms„ 

[0 0 9 2] 
[0 0 9 3] 

[0 09 4] 

[0 0 9 5] 

[0 0 9 6] 

t&mizmm • > * - # i/- $/ a >tm&M mm^n^%mn mzw 
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[0 0 9 7] 
[0 0 9 8] 
[0 0 9 9] 

(2) 2 »««Hre&s ^ >f xte«#«rtBo 

[0 10 0] 

[0101] 

[0 10 2] 
[0103] 

[0 10 4] 
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3§=2. 3 0£i£fecr&) il^-r&o r*ie>0)SiO 2 fc«ktJfT i 0 2 
-?*l*f#l, 2t^t„ 
[0 10 5] 

5. Zl^T% ^gJtf>J|t;*£d (J) , m$rmZn (J) ilLfci:^ JSTFOK 
[0 10 6] 

n (J) d (J) =5 5 0^-4 
n (SiOg) =1. 46, n (T i 0 2 ) = 2. 3 OtfeS^e), ZKD^j; 
»J, d (Si0 2 ) =9 4. 2 nm, d (Ti 0 2 ) = 5 9. 8 nm£&£ 0 ~$ 
S i 0 2 ^fc<ktKT i 0 2 S:^tl^tl9 4. 2nmfc«J:lf5 9 

. 8nm£U (Si0 2 /Ti0 2 ) 1 H*W&£ 2 0 mm V M Vfeg-Mmfr 

a>X~?&#)fr 0 -£©^£04 IC^. 04 «t»J, «04 8Onm 

[0 10 7] 

st^ic ji^ir^^M^^tc^cDM^tt^a-r i=^mm) j 

&jfAtSZ:i:S:^S 0 ^tf> ® 5{C^i"j;e>lC, (Si0 2 /Ti0 2 ) 

i omm^mrnvr^ sio 2 fc«tt;Tio 2 ^i^smm (n (m) = 

1.9 5 %:$>Z>mZ d (M) TSIL, (T i0 2 /Si0 2 ) 

i ommftzmmistc&mmz^jtz. TO^^t 3i^t„ fir, z:©# 

3 7 ffiU4# 2000-3051470 



11—271240 



tCat-Tc n (M) =1. 9 5 CDfefMi: LTttWittf Z r 0 2 d 
(M) =2 8. 2nmilLfc (#^©m^mffW=0. 1 JCffiSfS) . ®6«fc 

[0 10 8] 

r&ic, _h$£© izM% ¥o&&friZ'D\\Tm.mirz> a £E« 

M<Z>m£ : &&Mti&&&iFWX°. 0. 0 2^P>0. 2 4it-0. 0 2f^ft$t 
fc^O^j©^^^ h;i/?:tf-BT*«)^^$:S7l3«J:t)fH8JC^-ro relic 
^M^WttJ^TCOffm^iCcfcU^toSo fcfc'U n (M) =1. 9 5tf5„ 
[0109] 

W= n (M) d (M) /550 

K9-£&&„ ®9«fcU, W=0. 02^^,0. 2 4 ^"^O^ffl-eii, SfeOMf 
h-rsri:^fc3b^o Z.O&o\z-7*Y-vV ■ 3r y zftplzmt>ft2>i&i&yb\Z 

^/t^f - tr-* (mp) h^3i:tc-rs„ h yfrfy K©38fcf?< 4- 

[0 110] 
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[0 111] 

zmmmmtvx® i toi ci n 2 o 3 - s no 4 sqam^R) ^bt 

#ALfc«f3t$:^-r-5o PZT®$rtf#4T% ZL(D P Z Tf4 ©pM© I T Of 
[0 112] 

^Tt, Z1*UC £^X?XK&^fcmmiZ£VMP*fflffi-t2>Z.£.tfXZ2> 0 
[0 113] 

zwmi <omm&m\z&fr\z, ^gp^e,©#-^icj:y, t^nois, 
Tmffii?^^^«rig^ag«^^$:ii^-rs z. n&x%z> B 

[0 114] 
[0 115] 

[0 116] 

^fCDMP©i/7 h©#^$:tf-#T^«bfc^$:® 1 1 lc^ 0 01 1 «fc »K ^tt 

#ot«WAi/7 h vxft < ziitfmmiztDfrz* mz. n#Ji©ff3£2 

2 0 nmhlfiD$-&T— 5tt L£t§£\ ^<Z>Mt^£ 1 5 $LX*mtt<-&f~£ 
tfflMP0>>7 h©^$:tfm-e^*?)fc^$:® 1 2tCatf . 0 1 2 <fc »J, Z13 
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[0 117] 

M#M£n £3£tt3*E h©BtC&, s =n 2 ^SK^*^^tlT^So 013 

[0 118] 
[0 119] 

® 1 4 c^-t^-mc, z:©^ 2 (Dmwj&miz ^zytmrnm^it. hsjc^-tm 

t5. PLZTl$:^7T^t. 
[0 12 0] 

hxm&iiWM'r^^t.izj: v*<Dmz^mzmR$:WM~?z>z.}iiz& v plz 

M P fclWr & wt^ttS. 
[0 12 1] 

[0 12 2] 

AXUft^/ftefS 1 «fc tffg 2 £ ISM L % © T*& 5 o 

[0 12 3] 

m 1 5lC^i-«fc^lC. ZKDAXH^JttCfc^Tte. AX&JfGD^l l±iZ 
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1 3#^A2*ifcl&5T;:7* h-i'XMIWiMlil l±izm^tiX^ 

s„ ^jiffi^Mi^i 2 fci^iii 3 toRffiiz&mm&mmmi 4, i 

Ml 7, 18t±. ^ti^4x@B^19, 2 0JCJ:y, 1 #C*;:7 # h XM«Bffi# 

^cD^«ttm@M 1 4 , i summztiT^Zo ^ti^>©a«ii, 1 ik^-? 

[0 12 4] 

[0 12 5] 
[0 12 6] 

7*IC, r©»^©«4©||ffiJ^«[K:J:-5AXiB^ftJ(lK:oV^TttW"r*- 01 

6 tcz:©AXf§3fc£jf 

[0 12 7] 

ei 6 ic^-r^tc ;i(z>Axs§3fc£/f ic^-m. mwmmi sopfsgffic 
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[0 12 8] 
[0 12 9] 
[0 13 0] 
[0131] 

si nz^-t^oiz^ z.<DAJimybfemizj3^Tiz. &mm^±iz ltkft?* 

[0 13 2] 
[0133] 

Ifflf 5 ©SgJfc^MK cfc o T ^SBfr J: *J 6^fttSAXl)l& 

&Jg £ H 3i -T & - £ # T*£ 2> c 
[0 13 4] 

8 izzi<DAj:mytmm^m-t 0 

[0 13 5] 
[0 13 6] 

ZL<D «fc e> IC^$ tlfc AlDt^UCMlttf 3 CD^Jg^ffiJC <fc 5Ali)l^ 

4 2 ffiHE# 2000-3051470 



4#¥ 1 1-271240 



[0 13 7] 
[0 13 8] 

3©^CD^7^Z)^^^Cj:-6AXM^jt^Cr^V^Tii^■r^ 0 01 
[0 13 9] 

® i Qiz^-t^oiz. rcDAXiift&jf tcfc^Tte, Ax^jf(Z)*=R3 ljttc 

nLTmm&3&wim$k3 3&mAZft&i&7i.-7* 

«3 1 tcTOlc^$4xTv>s„ ^© h — **J9#tt«3t*M*«*tf 

©^:#$l±M^«AK©#(Z)^$fei:im^i:-rs 0 5g^^drA^m3 3©fcm 
[0 14 0] 

3©«fc^^c#^$4^feAx^^W^cfev^T^±, 02 otc^-rj;-5ic, ^gp^ 

t>m*.&m3 4^AX&Jf#$&£*u£»K fct=.frftt~ ^tWCfcU^-CD 

[0141] 

[0 14 2] 
[0 14 3] 
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Jco^rmtSf £ 0 2 7^^:®T*<7)M«14«l^©#i^#^^tcS^©^r^feS 

4-H©^7?«, 1 0 0 0DPI, t4t)^2 5/im^l0K>yh 
[0 14 4] 

02 i iz^~r &oiz^ zL<D9tmt^m^it. x^mis^Y^^iz^ti^nrnM 

* y Sjfc*T?>f > * h LTtffltSM^iSr £ iz «fc y 

[0 14 5] 

w n y # ifa^ e> <d aw £ t* %> n & « & ^ £ -r & r £ # t ^ 

So $e>tc % F«yh4 3, 4 4ma>mm*Mfr<-tz>zznz& y, M^$:«rm^ 

>f >^fc£V^iAX£Jf^£#£r£fc^fgT*&£ 0 
[0 14 6] 

[0 14 7] 

4 4 ffifflE# 2000-3051470 
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[0 14 8] 

> (Si) 1 §r«^-r^ 0 02 2 BIC^-TJ:^^ £<Z)#|ggS i 

««5 1_LIC, (Bas-frf) fcffi^T, ( 

Au) S'SftSrtlCiy, RM©Aul5 2 £-?*5cT W#UcMI8imc 
f^tS. A utfn 7x^if> h£fr£l£#rJMU S i 

i±£„ -t&t>%. 02 2 ClC^-T.fc^lC, if— 7oi*#>h£&l|llC<J:»J Aul5 
2(Z>Tfi!ltCS i#A*J&tf£«>, Aug5 2©TlCRtt^lCS ift5 3 
tlSc Aul5 2S:iiim 0 2 2 D iZj*-? J: ? &C. Si£E5 3_hfC 

^ffcizU^A (Ce0 2 ) !5 4$:^777ltLTM$-t, £ &iZ*<D±lZ 
3-&yW.V)\sZi — VhM : 5y*y®t (PLZT) 15 5&^$-fr5. 
{CUT, — f^M»«^**^$tlS 0 
[0 14 9] 

, e. t b TOTt© P L Z TI 5 SlzmMt&Z-t: 

£ r £ £ & r £ iz ft z> „ 

[0 15 0] 

mz. zLo^mnmi o<Dmni&miz-D\,\xmm'?z> 0 

[0 15 1] 

r©^i o<Dmmj&miz3s^T&. 024 a^-t^ic $^si 

i«6lS:MitS q mz % 02 4 BtCat-r<fce>lC. r«D^SiS«6 1± 

ziiiicj:^, rmoau16 2 ^^t5t ^^mzmm^izmm-t^o friz. 
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Au©t-7x^^> h$frJH£fUMU Si^SStS. "f 02 4 C 

Km"?£oK. it-7i^?> h£&JMCj; >JAul6 2 ©TMlC S i #A*J&tf 
Aul6 2©TCRM(Z)S ift6 3^M$ti§ 0 7£C, Aul62?: 
Rfc5£Lfc^, M2 4 DKl5prr <fcolC Sift63±ICCe0 2 f645:A>y77 

IC, r©Ce0 2 !6 4_hlCS rRuOg!65, PLZ T® 66£i:a?SrR 
u0 3 16 7&Jli7£mS£-frSo ^<Z)J:e>tCbT, 

So ^Z1T% SrRu0 3 M6 5fcJ:r;SrRu03 S 6 7 lif tl-^Tltt 
33 <fc tK -hJM^ £: L T M V * tl £ o 
[0 15 2] 

30)^1 0©mfe^ffilCfeVNTl±. PLZT©tIM:j:5l^^5i:^ 
^^^^.XASTfaffi-rs., U^ot, 02 5lC^t"J;^lC. #^8B&<Z)PLZ 
TI6 6|CSrRu0 3 !6 5£<fctfS rRuOgf6 7 lc J: U«JE&M]-f-<g> 

fir f & 3. £ # t? £ s d h I c & £ . 

[0 15 3] 

#UC ^©|g^<7)mi l©II^IS^»^cJ:*«IB3l5 : ? : ^co^^T»^!-r*. 
[0 15 4] 

fcttSgl 0©||ig^^cJ;Sz:^^5t:Malfil^#:i:^^ : b©-e^>oTJ:V^ o rti 
[0 15 5] 
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fae>mm&z 2ftv> i izmm-tzz. t.&T*&2> zj3fa<Dmmmz£ y 

^ v^#©^£ SrfH^i-r ^ i: J: y , £ <D=F»a>m& ZMit 

[0 15 6] 

#ctc> 2©^^^c t ^:s—^^5t:M«0«it^^cov^T^gl!-rs 

[0 15 7] 

zl<d&i 2<Dmmmmiz^xit. mzuz^k-t^oiz^ wilts i&m<D& 

0&m&8 1©— PZT]g|&£<Z)ffi«4£?glg|8 2$:Ta5m@8 3 

_fc3&«@ 8 4T'^i$^ ««Jt©£E«*f-«« x # rsj&tf y # i«j k * ti ^'tim^ 
«#8 4tgicti:sv^M3£tcggimffi£M^£r£#^£ i-^ic, m^©SB 

mfe& 3 <Dg&# ill^SJ;^ iz V V *? : y~7 4 — & if (D&ffiX* ^y^-y tfte zx*m 
[0 15 8] 

Zl<Z>f§l 2©H8fe7MlCfcV>T«, #^gpe©ffi«^©Tasm@ 8 3£cJ:tf 
-fc^mS8 4^lC«jBES:fP*nbTffi«tt^8 2 lC«#£Ep#lJ-3-£ 
tc j: »; 8 6 ©_Lgp©JE«44fglgl 8 2 #_h£ ttTIKHcM »j r £ K £ »J , 
©^#T-Y;£fa©M&te©SUi#£DSo 3*UCJ:oT, MP^HftS't^ 
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[0 15 9] 
[0 16 0] 

[0161] 

mi7^f > 8 4 teig^HrgP (l&|&g|S) P^fflcl8 3^ 

?>nSmi8 2?:mi7^ > 8 4 tei^Sg^gp (ftSMtt) i*l 
IC J: o <£*&gNir SB 7>f>84 <Z>jS^tf>£^(Z)m^W:*i* U i^iS^ 

S®il7>f >8 4©ia^(Z)^©^tt^^Sfe«). X^[oIlC^;i/^3i^ 

©bb#j ifv+tm vmMT~Q^<D&m<Dmm<Dmfflmmttf& c s d £ k & s 0 

[0 16 2] 

[0 16 3] 
[0164] 
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2 9 KZ.CD^mffllffim^'ZTF-?. 
[0 16 5] 

^©^1 4<DmMl&MlZlS^T&. 02 9 lCj*-r<fc3tC, ^©I«9 1, 9 
[0 16 6] 

r©^i 4<Dmnmmiz&^T&. zz^TtmmmmmzxM-t^m^mzMh 

[0 16 7] 

mh£.m&iz^^xmm-?Zo 

[0 16 8] 

KT iNbO s 1 7 5 >^ XAf i7 $ > ?:-e©^ig[t' 1 6$.X4>#-j!}U 

-*sn>m*:fcftm^miz-?^xnmzm>m'tz>o 

[0 16 9] 

* -T, r&|g©M^ :K 2 COg, TiO r Nb 2 O g £ ttl^tl 1:1: 
1 ©^kftT'SUfeU 9 0 01CT'2 4l|^IjiU 

o 3©X^$:tf-3llF^»;igLT. KTiNbO g (Z)#ffl^$:#fc 0 
[0 17 0] 

&lZ2N<Dl&mX 6 OTCl? 1 l$|H>f *->£$Ji*l3l«:i6U IS&^JCHT i N 

bOg 

[0 1 7 1 3 
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[0 17 2] 

(1) mmm-. c=i~5©i§i§r 

mmzm7k*mi<\ lM75>M^bt, HTiNbO 5 ^0. 05mo 

tit. 

[0173] 

(2) BtmBL: C=8, 1 0V>m& 

mmzm7k£3i# ; -)V(D5 o 50 <^jt) (Dm&WL&m^. ^©im7 

5>**K:2*LT, HTiNbOg #0. 0 5mo 1 / 1 £. <fc 3 JCjfcJfc U 

[0174] 

(3) ^:C=12, lBOi^r: 

^&i?s&>fc£:n#y--;i/(Z>5 0 : 5 0 (««tJfc) ©fi^JR&Mv^ -?•(£> 1 MT 
^>^MlC^fbT, HTiNbO 5 **0. 0 5mol/l!:a;«J:^K:«»U 

jta*««:»TT, sa^-e©«2Hiafig«©fe«>jciWiufc. ^©i^cuT 

, KTiNb0 5 *^HTiNb0 5 , Se>Cf»T§>^>*-*U-M 
feRNHg TiNbOg 03i^ttS. 
[0 17 5] 

&tmmmM^ftz>cm&*fem<Dmit<D%&-zm2 oica^r. ®3 oiz^-tj:? 

[0 17 6] 

C 0 =l. 84 7 + 0. 4 0 74 1 n 
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[0 17 7] 

-To 

[0 17 8] 

®3 nc^-r <fce>i:i. r©^i 5<Dmm&miz&z>ybmmm3-i*. ^ 10m 
jemummtk* 1 (s i o 2 ) n / (t i o 2 ) m ] i^5cM«iM*oMi 

*I*fcliti>f>^-*l/->3>!|ItltRNH 3 TiNbO 
5 !8^iIi:bT0ITOl5, 6 ^LtiALfciimS. 
[0 17 9] 

i'JRN Hg T i NbO s M8<D^$^|ol{C«#S:TO-rSi:, -tCD^tffi^ 

[0 18 0] 
[0181] 
[0 18 2] 

03 2izm-r^o\z. z.<Dytmffim*&. m^iz^-tMrn^umz, 

•h l/-^a>tTO5RNH3 T i N b 0 5 «8 £#AL£«lit ^tt5„ 
[0 18 3] 
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